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Abstract

The 1- and 5-percent world-wide high dew-point envelopes from the surface to
10 km are derived statistically from operational rawinsonde data. Values at each
level are based on the most extreme month at the most extreme location, as re-
quired for the revision of MIL-STD-2104, "Climatic Extremes for Military
Equipment." A l-percent frost-point envelope model is extended to 80 km, It is
based on limited experimental data and theory. Dew- (frost)-point envelopes and

corresponding mixing rantios are tabulated to 80 kin.
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High Humidity Extremes in the Upper Air

L. INTRODUCTION

Most military equipment designers are aware o: the problems produced by
high humidities. Near the surfane, these problems include corrosion, fungus and
bacterial growth, electronic circuitry breakdouwns, air conditioning, etc, At aiti-
tude, there are problems such as attcnuation of infrared compunents used in satel-
lIites and missile tracking devices, cabin envirornment control, and index of refrzc-
tion effects on radar tracking.

AMinute quantities of water vapor also become extremely important to certain
functions. Tor instance, a missile tracking device which is dependent on the re-
ception of a minimum detectable signal by an infrared receiver must be designed
for some threshcld level which takes into consideration the highest humidity nor-
mally expected. One currently popular theory of a non-varying ''dry stratosphere”
(a mixing ratio of 2 x 1076 grams of water vapor per gram of dry air){Gutnick,
1861) could be used to establish the required threshold signal level. If a designer
accepts this theory, and the atmosphere under which the tracker operates has a
mixing ratio 71 !5 x 1070 glg (2 value observed by other scientists) (Sissenwine
ot gl, 1£68a), the si1gnal could penetrate the atmospherc °ss than one-half the
distance expected by the designer, depending on altitude and operating wavelength

of the receiver.

(Received for publication 14 September 1975)




There are two caregories of equpmoent problems related to high humidities:
those asacciated with high moisture content which can be described in terms of
aksolute humidity, dew point, or vapor pressare (all of whicn have a one -to-one
correspondence); and those nroblen. associsted with high relative humidity, which
1s a ratio of the amoun. of woter vipor in 2 parcel o/ arr to the maximum
(saturation) amount tt 2 parcel is ca sable ¢f helding at that temuerature.

The first category, high moisture content, is of primary coencern in the opera-
tion of equipment. The second category, high relative humidity, v usuaily related
to corrosion and fungus (Sissenwine, 1933) during long-term exposure at fairly
high temsperatu~es, a 'withstanding” probl~m, mentioned in the next paragraph.
The operat:onal problem, probability of occurrence of high dew points, 1s the
ma)or concern for fngh altitudes and the subject of this report. However, an
imporctant operational excention, 'vhere relative humadity extre mes aloft must he
considered, is that of bich volaage breakdown and leakage along insulators which
results in malfunctions ot electronic components. Extremes ani durations of high
humidity at surface levels 1s the subject of 2 report recently nublished by the U, S,
Army Natick Laboratories (Docd, 1969},

Both of the reports jusrt described ware initiated in suppsrt of a revision of
MIL-STD-210A, "Climatic Extremes for Military Equipment," which is 2 DoD
directed 2ffort. Guidance by the Joint Chiefs of Staff indicates that the atmospheric
extremes for which equipment should operate are generally those with a 1-percent
risk of failure during the worst month over the gecgraphical area of the world at
which each meteorclogical element has its greatest extreme. For the upper air,
extremes at cifferent altitudes need not occur neither over the same geographical
areas nor simultaneously at all levels. Another set of extreres that equipment
must "withstand "' but not necessarily operate under, 1s also being provided. (n
gencrai, such 'withstanding" extremes are applicable to long period (many years)
exposures and storage and, therefore, are being provided only for surlace levels.
Since there may be times when it is advisable to design for a higher risk than
i-percent values for worst season, worst area, and 5-percent risk will also be
provided wn the new MIL-STD-210B,

2. DATA

Gringorten et al {1966) incorporates data from about 1500 surface stations and
4900 upper air stations, and Dodd (1969} gives cata from 2135 stations botween
latitudes 409N and 1995, Comparisons between Northern and Southern Hemi-
spheric datc reveal that higher dew-point extremes are observed in the Northern

Bemisphere.,
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Areas of high alsolute humidity extremes in tne lower levels must have large,
hot bodies of water at the surface. As shown in Figure 1, the area of primary
interest, determined from Gringorten et al (1966}, is over waters surrcunding the
Sauai Arabian Peninsula, particularly the Persian Gulf, the Gulf of Aden, and the

Red Sea, where surface water temperatures reach about 25°C (QSOF), and dew

points of 38°C (86°F) are exceeded 5 percent of the cime. Other areas of possibla
extreme hum.dities are found in the Bay of Bengal and the Gulf of Mexico.

~

Figure 1. Northern Hemisphere Surface Dew-point Temperature (Isopleths ia &)
Exceeded $ percent of the Time During July. (After Gringorten et al, 1566}
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Gringorten et al \1866) contains information for siandara radiosonde heights
up to 400 mb. It shows that the center of maximum aew point olserved at the
surface over Arabia and Bay of Bengal waters shifts eastward and northward with
mncreasing altitude. At the 100-mb surface, it is located in south central Asia as

shown in Figure 2.

Fl%ure 2. Nerthern Hemisphere 400-millibor Dew-pownt 7 emperature {{sopleths
in “C) Exceeded 5 percent of the Time During July. (After Cringorten ot al, 1946)




Stations with the greatest potential for high humidity extremes at the varicus
levels were chosen from these charis. Monthly probability distributions were then
plotted to deterinine the upper extreme dew pointe from freguency distributions
completed at the National Weather Records Ceater and made available throuvgh the
Air Weather Service's Environmental Technical Applications Center. The proba-
Lility distributions were determined by ordering the observations from the smallest
to the largest and using the plotting rule:

where (i} is the crder and N is the total number of values (Blom, 1658). The upper
1- and >-percent dew- {frost)-points for radiosonde heights resulting froimn this
procedure are presented in Table 1, and the l-percert extremes are plotted in
Fi:gure 3. Locations, altitude, and period of record for the high-humidity stations
are presented in Table 2.

Table 2.

World-wide i~ and 5-percent High Dew-point Temperature
for Seiected Radiosonde Levels Up to 409 mb

Height Dew Point Location Month
Temperature (°C)
1% 5%
Surface 33.6+ 31.9% Sharjah, Arabia VIl
31.¢ 30.9 Sharjah, Arabia Vili
31.9 27.8 Khanpur, Pakistan VIiL
306.8 29.2 Bahrein, Arabia ViInt
30.6 29.0 Muscat, Arabia vi
26.5 25.4 Pensacola, Florida Vit & VI
85C mb 27.4% 25.4% Peshawar, Pakistan VII
22.7 13.0 New Delhi, India VI
17.1 16.0 Del Rio, Texas VIl
700 mb 20.0% 14.9 Peshawar, Pakistan vin
185 15.6% Peshawar, Pakistan Vil
15.0 12.0 New Delni, India VII
14.9 11.2 Calcutia, India Vil
3606 mb 2.2% -1.4% Calcutta. India VIII
Q.5 -:.9 New Detlhi, India VI & VI
0.0 -2.0 Adag Mamar, China VI
-0.1 -1.6 Lhasa, China VI
400 mb -9,7* -1:.0% Lhasa, China VID & VIHI
-1C.0 -11.1 Adag Mamar, China Vil
382 mo -23% -25% ILhasa, ¢ 1iine Vil & VIII

#Values used in determining envelopes of upper extreme dew-~-point temperature




o7 ' 7 ‘o The 1-percent temperature
N / envelope for radiosoude heights
\ cotaroms / for MIL-STD-216B has not yet
/ 128 been finally specified. The curve
[ on the right in Figure 3 is a pre-
dea liminary env=2lope of upper 1-
3 : g percent temperatures and is
= - shown merely fer reference,
§ 00 é since dew-points (or frost points}
5 g cannot exceed temperature, It
1200 does not correspond to the dew-
1300 point envelope in either space or
400 time. The I-percent maximum
1800 dew=-point for the surface was
e maro eI 700 determined to be 33.6°C (92.5°F)
‘m at Shariah, Saudi Arabia. As

| DN WSV SRS WV L —.
O-ge— Tdo i & 2o 40
TEMFRATURE (°C)

Tigure 3. Upper l-percent Termperature

and dew~ (frost)-point Enveiopes,
Surface to 30 km. i1See Table 2 for
explanation of letter designations)

shown in Table 1, other extremely
humid surface lccations at Muscat
and Bahrein, Arabia, and at
Khanpur, Pakistan support this
value. These are denoted by their
first initials in Figure 3.

Aloft, at the 850~ and 700-mb levels, the humidity center moves northeastward
to Peshawar, Pakistan where the 1-percent high dew points are 27.4 and 20.4°C,
respectively. The l-percent dew points 4t New Delhi and Calcutta, India are about
50C lower at these iwvels, At 500 mb, the humidity center has shifted further east
with its maximum over C ucutta and extends northeastward into the Tibetan Plateau
region of southwestern China. This latter region then becomes the center of maxi-
mum humidity at the altitudes of 400 and 300 mb where the 1-percent extremes for
the months of July and August are -19 and -23°C, respectively, over Lhasa, China.

The 400-mb pressvie altitude is usually the upper limit for the rasiosonde
capability of measuring humidity. Reliable measurements at the unusuvally high
altitude of 300 mb are oniy possible for upper extremes of humidity hecause of
warm temperatures with which they are associated. Above ‘he heights of
radiosonde -observed humidities, measurements are limited {0 research data with
specially designed instrumentation. These resezarch data have been collected over
only a few geographical areas, and the samples are too small in number to provide
reliable frequency distributions. Some of them are of questionable accuracy.
These data limitations make it virtually impossible to arrive at true 1-percent
probable extremes for altitudes at and above 10 km. Even rough estimates are

difficult to mae,
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The Naval Research Laboratories have conducted numerous nigh~ievel humidity
measurements at Washington, D, C,, Trinidad, aand Kwajalein. The highest frost
poirts measured at these locations are indicated in Figure 3 by the station initial at
various altitudes, about 300 mb and above. The Air Force Cambridge Research
Laboratories! Design Climatology Branch also conducted an intensive stratospheric
humidity measurement program {Sissenwine et al, 1968b). The humidity element
was a highly sophisticated, alpha-radiation frost-point hygrometer which was
carried to altitudes up to 32 km by 0.5 million cubic-foot balloons that were
launched from Chico, California. A ''Mid-Latitude Humidity Profile' resulted from
this program. This profile represented typical mid-latitude conditions over a year
fnot a true mean). It may be very far frcm a 1-percent extreme humidity profile,
regardless of location, but at least it provided a shape and a starting point, The
highest frost points observed in this procram are denoted by the initial ¢’ in Figure
3, However, none of these research obse.vations could really be considered as
l-percent extireme frost points.

The tropopause is known to be a moisture trap for water vapor originating at
surface levels, since 1t is the coldest level above the surface, and the frost point
cannot exceed the temperatura, Therefore, it was decided that the highest humidity
at the 200-mb level, which is in the troposphere at iow~ and mid-latitudes, would be
observed in an area where near-saturation occurs in warm {pclar) tropospheric air
just below the tropopause. This area seems to be 1n southecn Russia, a location
reasonably concistent with the movements of the humidity centers from lower alti-
tudes (Goldie et al, 1958), The upper l-percent extreme frost point at 200 mb for
July at 559N 90°E was then determined to be -43°C by assuming a 50-percent rela-
tive humidity for the l-percent warm tropopause temperature. This 50-percent
relative humidity is consistent with other results of humidity studies conducted for
altitndes at and slightly belcw the polar tropopause level (Sissenwine et al, 1368a;
Raschke, 1966). By using the 5-percent warm tropopause temperature in an analc-
gous procedure, the upper 5-percent frost point at 200 mb was determined to be
-49°C.

The moisture source for high humidities in the 15 tc 20 km ievel develops from
a completely different ph¥sical phenomenon, cumulonimbus clouds, which reac’
these altitudes 1 percent of the time in certain areas. Figure 4 i3 taken from a
recent study on the penetra:ion of cumulonimbus clouds to very high altitudes
(Kantor and Grantham, 1968). The analysis in this figure is based on the occur-
rence of at least one radar echo within a 100-mile radgius. It shows that cumulo-
nimbus clouds occur within the 18- to 20-km altitude increment 1 percent of the
tirne around New Orleans, Louisiana and Kansas City, Missouri in July. Assuming
saturation in and adracent to theszs clouds, the temnperature profile can be con-

sidered as a dew-peint profile. A July mean of the temperature soundings taken
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’,'"“”“\\\ very near tne periods of radar-
l,/‘ o T e 5 l’\l . /,f ./‘} cbserved echoes at these levels is
; °5.Ax,;’}fl‘)‘;"¢‘,‘ » shown as a series of dots in
"?. 0(' B4 . (/ ';\' & ,,cf Figure -, It may be considered as
‘:, /\ \\\. Lt "l\ the l-percent frost point, ly
\\". {03, . \‘ \ S T ,y; that portion between 15 and 20 km
e ‘\‘S:; VAR N . of the mean sounding affected the
TN "\ ' \\"(:'Vl. shape of this 1-percent extreme
N \ y\"\@ o, 60, envelope, since at lower levels,
e N the mean : ounding was colder than

the 1-percent envelope which was
Figure 4. FProbability of the Occurrence
of at Least One Badar Precipitation iZcho
Between 60- and 65-kft Altitude Within a above, and cumulenimbus cdevelop-
100-mile Radius During July. (After
Kantor and Grantham, 1068}

ebta.ned from background outlined

ment was onsidered to go no
higher tnan 20 km with 1-percent
probability. Echoes do go higher
than 20 km but only at less than 1 percent of the time even .n the worst months.
Therefore, through the 20-kn level, a fairly reiiable basis i< established for the
upper l-percent dew- {frost)-point envelope. Above this level, there are cnly
research observations, as discussead earlier and shown in Figure 3, none of whici
were made over areas where high frost-poini temperatures ace expected. Also,
observations were not obtained frequently enough to approxiriate the distribution
even in the areas cver which experiments were performed. They are not nearly as
extreme as is indicated by the dotted curve at 15 to 20 km. Howoever, there is one
additional sclentific fact on which extrapolation can be based — the determination
that noctilucent clouds, which occur near altitudes of 80 km, are comnosed of ice-
covered particles. Based u. temperature measurements made in the presence and
then in the absence of noctilucent clouds, pivs the most accentec hypothesis on the
formation and composition of these clouds (Theon et ai, 1967), it was determined
that a conservative value for the mixing ratio at 80 km is 5 ppm, that is, 5 grams
of water vapor in a volume of 1,000,060 grams of dry 2ir. The 80-km frost point
for this assumption is about -122°C.

Based upon the assumpticn that there are no major water so.usces or sinks
between the height to which tropospheric clouds penetrate the tronopause and the
mesopause, the 1-percent high frost-point envelope was then linearly extended from
the 20-km value of -56°C, which is nearly 200 ppm, to ~122°C at 80 km, procducing
the slone shewn in Figure 3 for altitudes above 20 km. Consequentl s, above 10 km
{that s, above the height of radiosonde humidity) and especially for aititudes above
20 km, this extension is not a statistically derived envelope and can be considered
only an estirnate of the i-percent frost-point temperature envelope, At the time of

preparation of this report, no evidence supporting this envelope apoeared in the
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literature. Such eviderce wac uncovered shortly afterward. The x, shown at about
22 km in Figure 3, represents radiosonde temperature recorded during a display of
unusually high cloudz near .ne White Sands in June 1969 and identified by Sharp
(1970) as of the nacreous type, neually associated with strong westerly flow. (These
may have been the blow off ¢f cirrus from a cumulonimbus penetrating the tropo-
pause over easiorn Texas, since east winds are found at this altitud~ and season.)
Altitude was determiied accurately by triang-ilation. Assuming saturation condi-
tions at this altitude, this temperature is also the frost point. Although this point is
somewhz2t outside the 1-percent high fros .~point envelope, the likelihood of observ-
ing nacreous clouds over White Sands is lower than ! percernt. Therefore, this evi-
dence supports the 1-percent high dew- (frost)-point envelope at the 22-km ievel.

3. RESULTS

Figure 5 compares the envelope of upper l-perceat extreme humidity, devel-
oped herein, to the 1-percent high-temperature curve {prcliminary below 57 km)
from the surface to 80 km, The 1962 U. S, Standard temperature profile is also
shown. It again should be ernphasized that the dew point and temperature curvas

are envelopes, not profiles, and that the two

envelopes do not necessarily correspond to one

R A O another in either time or space.
‘l \ )‘I ?;m‘ Figure 6 shows the mixing ratio envelope
i « ™ resulting from the upper 1-percent dew- (frost)-
ao% A nronr N point temperature envelope presented in Migure
, “\ o \\ les 5, assuming the U.S. Standard Atmosphere, 1962,
> \\ i § The computation of mixing ratio from dew-
5 \\ /«’ g (frost)-point requires the use of the saturation
" \ /m'mw g vapor pressure. It was decided that for levels
o \ /," N through 10-km saturatior vapor pressure over
ol X (»’ : water would be used. Abeve this level saturation
i L w0 vapor pressur2 over ice was used, thus account-
. N N * ing for the break in envelope at 10 i m. Included
\ o for comparison in Figure 6 is the maximum
e T R (saturation) mixing ratio aliowed by the U, S.

TEMPLRATURE ¢ TC
Standard Atmosphere, 1962.

. . A recent report by Scholz et al (i970) gives
Figure 3. Upper l-percent

Envelopes of Air and Dew~ the results of an analysis of a sample of
{frost)-point Temperature

Up to 80 km. U,S. Standard . .
Atmosphece, 1962 shown for altitude interval between 44 and 62 km over

comparison White Sands, New Mexico on 4 September 1968.

stratospheric air which was collected ovar an
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¢ o W WO e The stratopause water vapor con-
st hol? : .
\ centration was determined to be
70 \ R between 3 and 13 ppmn (by v>lume},
o'
o0 \ NG AATE RE5OLTING § A0S . These values were considerably
1PERCENT DCW (FROST) PCINT £ .. 5
\ et bvatad ¥ lower than the mixing ratio enve~
0 FCRM 2
[ weeorog lope shown in Figure 6 for that
N a
g ® .8 alititude range; but there is no
z N MAXA M MIING 5 .
<0 ] fenoducmeo et % reason to expecr a single mea-
i LYNOSEWERE 1962 S_ . ~
J < sura2ment over White Sands wculd
20
< oo equal a 1-percent wettest month
— .
° ~ and wettest geographical area
.
3 - )
< RIS N e extreme.

The 5-percent uppe: hummdity

WXING R3Y D Gom,
extremes have not been included
Figure 6. Mixi. ~ Ratio Envelope

Resuiting from the Upper 1-percent in either Figures 5 or 6 due to the

Dew-(frost)-point Temperature
Envzlope Presented in Figure 5.
Maxir.am (saturatior) mixing ratio
allowed by the U.S, Standard Atmeoe-
sphere, 1962, is shown for compari-
son {eg is saturation vapor pressure;

small differences {about 2,5°C)
from the 1-percent values. The
dew-point temperatures for the

5-percent envelope are presented

P is aumospheric pressure) in Table 3.

. SUMMARY

The 1-percent and 5~percent high hum dity extremes for selected levels,
recommended for use in MIL-STD-2i0B are presented in Table 3 {graphically in
Figures 5 and 6}. For altitudes {rom the surface to 10 km, for which there are suf-
ficient data to statistically estaklish the upper l-percent and S-percent extremes,
the dew-point envelope is considered accurate to about +16C, For altitudes between
10 and 80 km, where the envelope can be considzred only as a model, the frost-
point estimates cculd well differ from true valaes for risks specified by a few
degrees. However, for internai consistency, dew- (frost)-point values in Tahle 3
are given to the nearest 0.5°C and mixing ratio t¢ the nearest ppm.

it chould be emphasized that these envelopes cannot be interpreted as profiles,
since values for the varisus aititudes may not correspond to one another in either
time or space, and that the air temperature data in Figures 5 and 6, presented only
fer comparison, were derived independently of numidity. It would nct be unreason-
able, however, to accept short portions of the envelope, say 2-km intervals, as
typicai upper l-percent or 5-percent dew- (frost)-point profiles avoidi~g, o course,

the break points at 15 and 20 km.




Table 3.

1- and S-percent High Dew- (frost)-point Temperature
(0C) and Correspending Mixing Ratio (ppm) for Selected Levels

Upper 1 percent Upper 5 percent
Dew (Frost) Mixing Dew Mixing
Altitude Puint Ratio Point Ratio
{km) (°C) {ppm; °c) {ppm)
0 33.5 33,465 32.0 30,628
1 29.0 29,014 27.5 25,487
2 25.0 25,806 22.5 22,073
3 20.5 22,148 16.5 17,102
4 13.0 15,460 10.0 12,634
5 5.0 10,951 3.0 8,846
6 -1.0 7,576 -4.0 6,059
7 ~8.5 4,917 ~-10.0 4,367
8 -15.0 3,358 -16.0 3,090
9 -22.Q 2,140 -23.5 1,873
10 ~29.5 1,257 -32.0 990
12 -45,0 23}
15 -66.0 24
20 ~56.5 195
25 -62.0 203
30 -67.5 200
40 -78.5 156
50 -86.5 85
60 ~-100.5 33
70 -111.5 14
80 -122.5 5
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a. ARBENDEM

During final review of this manuscript (prior to printing), the authors received
a newly published upper-air atlas for the Southern Hemisphere which presents,
amoeng other variables, mean monthly dew -point temperatures for the surface and
selected pressure levels to 500 mb (Taljaad et al, 1969). A survey of this atlas
supports the previous findings that the worldwide, nigh-extreme dew points are
found in the Northern Hemisphere. The highest Southern Hemisphere mean dew-
point temperatures at the surface and the 850-1ab levels (for the most extreme
month, January, and extreme location, the Amazon River -egions) are only 1 to 20C
lower than the comparable 50-percentile values at those lo-~ations which were used

in establishing the 1~-percent envelope developed herein,
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